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ABSTRACT
The aim of the present work is to specify the spatio-temporal characteristics of flare activity ob-
served by the Reuven Ramaty High Energy Solar Spectroscopic Imager (RHESSI) and Geostationary
Operational Environmental Satellite (GOES) satellites in connection with the behaviour of the longi-
tudinal domain of enhanced sunspot activity known as active longitude (AL). By using our method
developed for this purpose, we identified the AL in every Carrington Rotation provided by the De-
brecen Photoheliographic Data (DPD). The spatial probability of flare occurrence has been estimated
depending on the longitudinal distance from AL in the northern and southern hemispheres separately.
We have found that more than the 60% of the RHESSI and GOES flares is located within ±36◦ from
the active longitude. Hence, the most flare-productive active regions tend to be located in or close to
the active longitudinal belt. This observed feature may allow predicting the geo-effective position of
the domain of enhanced flaring probability. Furthermore, we studied the temporal properties of flare
occurrence near the active longitude and several significant fluctuations were found. More precisely,
the results of the method are the following fluctuations: 0.8 years, 1.3 years and 1.8 years. These
temporal and spatial properties of the solar flare occurrence within the active longitudinal belts could
provide us enhanced solar flare forecasting opportunity.
1. INTRODUCTION
The spatial distribution and temporal behaviour
of flare occurrences are important elements of space
weather. Regarding spatial properties, the latitudi-
nal distribution (i.e the butterfly diagram) is easily de-
tectable because it is connected to the well-known vary-
ing latitude of the activity during the solar cycle. The
determination of the longitudinal distribution is a harder
challenge. It was mentioned as early as in the 19th cen-
tury by Carrington (1863) that sunspot groups may pre-
fer some longitudinal domains. This was also observed
later by Maunder (1905) and Losh (1939). In the fol-
lowing decades, it was usually considered that sunspot
emergence is not equally probable at all heliographic lon-
gitudes but the results of localisation attempts were not
always convincing. The causes of the differing results are
diverse.
Two approaches were followed. One of them considered
the locations of enhanced activity to be ”active nests” as
isolated entities of the activity in the works of Becker
(1955), Brouwer & Zwaan (1990) and Castenmiller et al.
(1986). The other approach addresses active longitudes
(hereafter AL) as persistent domains of activity. The pre-
sumptions of the applied methods are different and they
may have considerable impact on the results. Possible
presumptions are the followings: rigidly rotating frame
carrying an active longitudinal domain as reported by
Balthasar & Schu¨ssler (1983), Kitchatinov & Olemskoy
(2005), and Ivanov (2007); persistent active longitudes
under the influence of differential rotation presented e.g.
by Usoskin et al. (2005) and Zhang et al. (2011a); two
e-mail: gyenge.norbert@csfk.mta.hu
active longitudes at a distance of 180◦ as in Usoskin et al.
(2005). There were also sceptic views; Pelt et al. (2005)
showed that some results may be artefacts of the applied
methods, Henney & Durney (2005) even questioned the
existence of active longitudes.
The preferred longitudinal domains of flares have been
studied with similar presumptions and methods as those
of the sunspot studies. The active nests are called ’su-
peractive regions’ (Bai 1987) or ’hot spots’ (Bai 1988).
The idea of rigid rotation also arises (Warwick 1965) but
the obtained rotation rates are diverse (Bai 2003a). The
role of differential rotation is also considered and the
presumption of the twin active longitudes at 180◦ apart
(Zhang et al. 2007, 2011b). It seems reasonable to study
the active longitudes of sunspots and flares together.
In our previous paper (Gyenge et al. (2014), hereafter
Paper I), we endeavoured to follow an as presumption-
free procedure as reasonable and possible. The activity
concentration has been computed for each longitudinal
stripe of 10◦ in each Carrington rotation and all these
longitudinal distributions have been plotted in a time-
longitude diagram. The migration of the positions of
strongest concentrations in the time-longitude domain
outlined a forward-backward motion of the most ac-
tive longitudinal domain with respect to the Carrington
frame. The half width of this active longitude was about
30◦, a flip-flop event was identified, but the most interest-
ing result was that the flux emergence exhibited a 1.3-
year periodicity within the active longitudinal domain
while this period was absent out of this domain. This
raised the possible interpretation that the active regions
emerging within the active longitude are anchored at the
bottom of the convective zone where this period also was
detected by Howe et al. (2000) and the rest of the active
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regions emerge from higher layers.
This interpretation offers a feasible explanation for a
long enigma, the unknown connections between various
space physics processes varying with a period of 1.3 years.
The first report about this period has been presented
by Silverman & Shapiro (1983). They detected the 1.3-
year period in century-long visual aurora observations
and they admitted that the source of this behaviour was
unknown. This was followed by a series of reports on this
period in different space parameters: solar wind velocity
(Richardson et al. 1994; Mursula & Vilppola 2004), so-
lar wind velocity and geomagnetic activity (Paularena et
al. 1995; Mursula & Zieger 2000), Bz component of the
interplanetary magnetic field (Szabo et al. 1995), cos-
mic ray intensity (Kudela et al. 2002; Singh et al. 2012),
along with geomagnetic activity (Str˘es˘t´ık 2009) refers to
this period even in biological phenomena. The most re-
cent overview and analysis of this period in various space
physics processes is published by Cho et al. (2014).
The results of Howe et al. (2000) also motivated search
for this period among solar phenomena. Komm et al.
(2003) corroborated these results. Krivova & Solanki
(2005) found the 1.3-year period in wavelet spectra of
sunspot numbers and areas without regard to its spatial
relations. Obridko & Shelting (2007) identified this pe-
riod in the variation of the large-scale magnetic field by
combining recent magnetograms and earlier H-alpha fil-
ament observations, the resulting time interval covered 8
solar cycles. Ruzmaikin et al. (2008) used longitudinally
averaged synoptic magnetograms and detected this pe-
riod too. As an important chain between the solar and
interplanetary/geomagnetic phenomena, the period has
also been pointed out in the time series of the flare index
(O¨zgu¨c¸ et al. 2003).
It is a common feature of the above studies that the
1.3-year period is considered as a global feature, its lo-
calisation on the solar surface is, however, not addressed.
However, Paper I presented this localisation. The period
can be detected in the variation of the flux emergence
within the identified active longitude while it is absent
elsewhere. This promises a more direct chain between
the dynamics of the tachocline zone and the surface as
well as that of the interplanetary space.
The aim of the present work is to specify the spatial
and temporal characteristics of the flare activity in con-
nection with the behaviour of the active longitude pre-
sented in Paper I.
2. DATABASES OF FLARES AND SUNSPOTS
The Debrecen Photoheliographic Data sunspot cata-
logue1 (DPD, provided by Debrecen Heliophysical Ob-
servatory) (Gyo˝ri et al. 2011) is used for determining the
AL. The DPD is based on white-light images of sunspot
groups starting at 1974, so this study can cover 540 Car-
rington Rotations (hereinafter CR), which roughly equals
to five solar cycles. The time resolution of the sample is
one observation for each day. The catalogue provides us
with information about the following properties of every
sunspot of sunspot groups: date of observation, position
of the spot and umbra and whole spot area. The es-
timated mean accuracy of the position data is 0.1-0.2
heliographic degrees and the estimated mean precision
1 http://fenyi.solarobs.unideb.hu/DPD/index.html
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Fig. 1.— An example for the spatial distribution of the quantity
W in the CR 1718. The black line represents the 3σ significance
limit. The largest peak represents the AL. In this CR at the other
side (roughly 180◦ phase shift) the weaker and more disperse peaks
correspond to the co-dominant AL.
of the area measure is 10 − 20%. For that reason, this
dataset could provide probably a very detailed sunspot
survey hence it is suitable to reveal the properties of the
longitudinal distribution of the sunspot groups.
We used two solar flare databases. The first dataset
was taken from the Geostationary Operational Environ-
mental Satellite system2 (GOES) starting at 1976. The
flare catalogue contains information about the date, po-
sition of the eruption, the associated active region and
the classification code (measured in W/m2), which can
be of type A, B, C, M or X according to peak flux of
the solar flare observed in the 0.1 and 0.8 nm wavelength
range. The most energetic class consists of the X-type
flares with fluxes in excess of 10−4W/m2 at Earth.
Other data source was observations by the Reuven
Ramaty High Energy Solar Spectroscopic Imager3
(RHESSI) satellite (Lin et al. 2002), containing data
since 2002. The dataset currently contains more than
100,000 events in the energy band from soft X-ray to
gamma ray. The flare catalogue provides the following
information for each candidate: dates of explosions, du-
rations, peak intensities, and total counts number of the
X-ray photons during the flare event, energy channel of
the maximal energy at which the flare is still measur-
able, location on the solar disc, and quality flags. Based
on the positions of certain eruptions we added associated
active regions by using DPD where the RHESSI flare list
has not contained it. This satellite is able to observe less
intense events then the GOES satellite. The RHESSI
flares are mostly micro-flares of GOES class A, B, or C.
The most frequent type of RHESSI flare is GOES class
B.
2 http://www.ngdc.noaa.gov/stp/satellite/goes/
3 http://hesperia.gsfc.nasa.gov/hessidata/dbase/
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3. THE METHOD OF TRACKING ACTIVE
LONGITUDE
The present investigation began with a similar method
as Paper I. The areas and positions of all sunspot groups
were considered at the time of their maximum area, the
solar surface has been divided into longitudinal bins with
a width of 20◦. The areas of all groups were summed
up in each bin (Ai) and normalised by the summarised
sunspot group area from the whole surface. Then, the
longitudinal activity concentration is represented by the
quantity:
Wi,CR =
Ai,CR∑18
j=1Aj,CR
. (1)
In every Carrington rotation, the histogram of the
quantity Wi,CR was determined and the significance level
estimated (set by 3σ) to filter out the unnecessary noise.
The novelty of the present method is that all of the quan-
tities Wi,CR have been omitted in the further statistics
that were lower than the previously mentioned limit. Fig-
ure 1 shows an example of the histogram of the quantity
W in CR 1718. By filtering the data with this limit,
53% of the CRs shows exactly one significant longitudi-
nal belt meanwhile the remaining fraction of the data did
not show strong in-homogeneous properties.
Many studies have adressed the existence of the co-
dominant longitude that has a phase shift of 180◦ from
the dominant peak (Usoskin et al. 2005; Zhang et al.
2007, 2011a). However, we have found that the secondary
AL is not or hardly detectable after applying a high-pass
filter to sort out the insignificant peaks. For example, by
setting the significance level to 2σ, only 23% of the CRs
have some sort of double active longitude distribution.
For that reason, the activity at the co-dominant longi-
tude is considered weak and rare, therefore we neglect it
in this study.
In Figure 2, we present an example for the steps of the
identification method of the AL. There are three panels.
The first panel, indicated by letter A, is the surface map
of the parameter W . The horizontal x-axis is the time
interval between CRs 1700 and 1800. The vertical axis is
the longitude in heliographic coordinate system. Panel A
shows the first step of our AL tracking method where all
of Wi are visible in a certain CR. In the y-axis the 360
◦
solar circumference has been repeated, similarly to Juck-
ett (2006), in order to follow the occasional shifts of the
domains of enhanced sunspot activity in the Carrington
system. The values of the parameter W are represented
by the colour of a certain box. Wi,CR = 1 is associated
by black and Wi,CR = 0 is plotted by white.
For further analysis, the Carrington longitudes will
now be transformed into unit of Carrington phase:
ψ = λ/360◦. (2)
Here, the value λ is the longitudinal position in the He-
liographic coordinate system, therefore the ψ values must
be always between 0 and 1 (which represents the entire
circumference). Please note that the precision of the po-
sition of the DPD catalogue is about 0.1 heliographic
degrees, for that reason the accuracy of the Carrington
phase is about ±2.7× 10−4, which is negligible.
Panel B of Figure 2 shows the temporal variation of
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Fig. 2.— Different stages of the AL finding method. Panel A
shows the values of parameter W in longitudinal bins of 20◦ and
temporal bins of 1 CR. The darker marker means larger value of
W . Panel B shows the Carrington phase of W versus time after
applying a 3σ high pass filter to omit all of the bins with insignif-
icant value of W . Panel C shows the final stage of the finding
method of AL. The repetitions of the pattern in Carrington phases
are removed and 3-CR moving average has been applied to the
remaining peaks of W . The result shows the migration path of
AL.
the Carrington phase. Here, the high-pass filter has been
applied (set by 3σ) to filter out the values of parameter
W has been omitted which were lower than 3σ. The
significant migration path is more remarkable here.
The final step of the AL tracking method is visualised
in panel C of Figure 2. We applied a moving average
method for smoothing the data. The time-step is 1 CR
and the width of the time window is 3 CRs. The repe-
titions of the AL shifted with one Carrington phase are
removed. A phase jump occurs in case of the migration
of AL enters to the next solar circumference. A phase
jump occurs when
δφ > δφ∗, (3)
where the parameter δφ and δφ∗ defined as;
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Fig. 3.— Activity maps for whole the DPD-era (1974-2014). Panel A shows the migration of the AL on the northern hemisphere. The
black markers mean the longitudinal belts of most enhanced sunspot activity (AL) in certain CRs. Panel B: the same as Panel A but for
the southern hemisphere. Panel C represents the temporal variation of the International Sunspot Number (ISSN). The numbers of the
solar cycles are also marked.
δφ = |ψCR+1 − ψCR|
δφ∗ = |(ψCR+1 + γ)− ψCR|, (4)
and γ is the phase shift which could be 1 or −1.
For instance, a phase jump can be seen in Figure 2 in
CR 1765 when the curve is crossing from Phase 0-1 to
Phase 1-2. The shape of the migration path may depend
on how the phase jumps are handled. Although the long-
term trends of the migration path may not be always well
determined because of the phase jumps and the scatter of
the points around it, this may hardly affect the statistical
results based on the distances measured from the actual
AL values. Thus, the distances from AL are used in the
next sections.
4. TRACKING ACTIVE LONGITUDE IN THE DPD
ERA
The AL tracking method was applied to the entire
DPD-era, containing 540 CRs from CR 1610 to CR 2150.
The indicated time interval consists of 3 full (namely Cy-
cles 21, 22 and 23) and 2 partially visible (namely Cycles
20 and 24) solar cycles. The two hemispheres are treated
separately. Sunspot groups were selected within a lon-
gitudinal distance of ±75◦ from the central meridian in
order to avoid the less accurate area and position esti-
mates at the limb. In Figure 3, we plot the temporal
variation of the Carrington phase for the northern hemi-
sphere (Panel A) and the southern hemisphere (Panel
B). Panel C shows the temporal variation of the Interna-
tional Sunspot Number provided by the SIDC-team4.
The migration of AL in the northern hemisphere is
clearly recognisable. The shape of the migration seems
like a set of parabola with prograde and retrograde
phases. On the prograde phase the angular velocity of
the AL is faster than the Carrington rotation and the ret-
rograde phase, on the contrary; it shows a slower angu-
lar velocity. The maxima of parabola-like curves roughly
correspond to the maxima of solar cycles, but the begin-
nings and ends of the pro and retrograde phases do not
4 http://www.sidc.be/silso/datafiles
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correspond to the minima of the solar cycles. In Cycles 21
and 23, the retrograde and prograde parts of the parabola
are shorter and the migration shape of the AL of the Cy-
cle 22 clearly shows a longer period in time than the
period of the solar cycles. On the southern hemisphere,
similar parabola shape migration pattern has been shown
but the times of minima and times of maxima differ from
those of Panel A and they are sometimes less expressed.
The migration of the longitude of enhanced sunspot
activity has been found in numerous earlier studies.
First detection of some kind of pattern of migrating
AL of sunspot groups was reported by Berdyugina &
Usoskin (2003). Juckett (2006) found similar returning
phase in the time interval between CRs 1720–1750 by
using low degree surface spherical harmonics. The retro-
grade phase was also observed on a restricted interval by
Bumba et al. (2000) for Cycle 22.
In Paper I, we concluded that the migration paths of
ALs did not correspond sharply to the shape of the 11-
year cycle. This statement was based on two parabolic
patterns of AL, one in the northern hemisphere in Cycle
22 and one in the southern hemisphere in Cycle 24. The
present extension of the study confirms this statement
for the whole interval. Based on these longer time series
of migration patterns, it is clearer that the minima of the
patterns mostly do not coincide with those of the solar
cycles. In addition, the two hemispheres are able to pro-
duce different migration patterns with different locations
of minima and maxima.
For this reason, differential rotation can hardly be in-
volved in the migration of AL. Balthasar (2007) did not
find signatures of differential rotation either, similarly
to the above-mentioned works of Juckett (2006, 2007) .
Furthermore, note that the AL seems not always identifi-
able. 47% of the data did not show significantly enhanced
longitudinal activity in the case of 3σ significance limit.
5. SPATIAL DISTRIBUTION OF SOLAR FLARE
OCCURRENCE
In this section, we investigate the relationship between
the position of solar flares (the data are taken by GOES
and RHESSI satellite) and the longitude of enhanced
sunspot activity (AL). For that reason a new parame-
ter is defined which is the shortest longitudinal distance
between the position of the AL and the position of cer-
tain event. The phase difference is defined by:
δψ = |ALCR − LCR| . (5)
Here, LCR is the longitudinal position of the RHESSI
and GOES observations in Carrington phases. ALCR
represents the position of the AL defined in Section 4.
The parameter δψ is reduced by a unit phase if it is larger
than 0.5 because the distance cannot be larger than 180
degrees. δψ = 0 means that the flare is located at the
AL; δψ = 0.5 means that the flare is located on the other
side of the Sun opposite the AL.
Figure 4 contains three plots where panels A and B
show the spatial distribution of the RHESSI and GOES
flares with respect to the AL (the position of the AL
corresponds to δψ = 0). The grey area represents the
frequency distribution normalised by the sample num-
ber. On the plots, there is only one significant peak for
each statistics and after that a long plateau with insignif-
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Fig. 4.— The spatial distributions of the parameter δψ. Panel A
shows the spatial distribution of GOES flares with respect to the
AL, represented by the grey area. The solid line is the fitted expo-
nential model distribution and the dotted line means the uniform
distribution based on random AL. Panel B represents the same
statistics but the RHESSI flare list has been used. The dashed
line is the fitted exponential model distribution and the dotted
line means the uniform distribution based on random AL. The last
figure (Panel C) shows the cumulative distribution of the fitted
model distributions.
icant local peaks. The significance limit was defined by
the standard deviation of the sample (σGOES = 9.8 and
σRHESSI = 10.5). The distributions show that most
of the solar flares are concentrated in a relatively nar-
row longitudinal zone. In Paper I, we found that AL of
sunspot groups is as narrow as 20−30◦. Here, the spatial
distribution of solar flares shows similar behaviour. To
estimate the quantitative properties of this distribution,
different models have been tested and the exponential
distribution has provided a good enough result for each
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dataset. The best exponential models are indicated by
solid line in panel A and by dashed line in panel B.
We defined control groups where the position of the
AL generated by random numbers. This test was in-
spired by Pelt et al. (2005) who criticised the AL iden-
tification method of Berdyugina & Usoskin (2003). Pelt
et al. (2005) reconstructed the distribution of the AL
with random sunspot longitudes. For that reason, we
repeated the statistical study by using the identification
the AL based on random longitudinal sunspot positions.
The result of the control group does not show signifi-
cant peaks, thus it can be represented by dotted line of
homogeneous distribution in Figure 4. This means that
our AL identification method does not cause false signif-
icant peaks, which would affect the results of the study
of in-homogeneous longitudinal properties.
Panel C of Figure 4 shows the cumulative distribu-
tion of the spatial distributions. The solid and dashed
lines (based on GOES and RHESSI observations) have a
steep increasing phase between the values of 0 and 0.1 af-
ter the functions show a constantly less steep increasing
trend. These models allow to estimate that the most of
solar flares (around 60%) occur in the longitudinal zone
of ±36◦ around the position of AL. The dotted line is
the cumulative distribution of the uniform distribution
based on random longitudinal positions. In this distri-
bution the mentioned longitudinal domain would only
contain 20% of the solar flares. This means that the AL
plays a significant role in the spatial distribution of flare
occurrences.
6. TEMPORAL PROPERTIES OF SOLAR FLARES
NEAR ACTIVE LONGITUDE
The aim of this section is to reveal the temporal prop-
erties of the occurrence of solar flares located near to the
AL. We showed in the previous section that most of the
solar flares detected by the RHESSI and GOES satel-
lite concentrate in a longitudinal strip of 0.1 Carrington
phase width around the AL. Here, we focus only on this
specific region. We omit all of the solar flares which occur
further than the 0.1 Carrington phase. This spatial limit
corresponds to a neighbourhood of ±36◦ of the dominant
AL in the Carrington coordinate system.
In every CR, we summed-up the number of all GOES
and RHESSI flares and the two hemispheres are distin-
guished. The parameter dN is defined for this statistics:
dN = NCR −NCR+1. (6)
In Figure 5, the results of the statistics are plotted for
data provided by the GOES satellite. The first (northern
hemisphere) and third (southern hemisphere) panels are
the temporal variations of the parameter dN . The time
series is smoothed by the moving average method with 4-
CR smoothing window and 1-CR step. Below each plot,
the wavelet spectra or the parameter dN are presented.
All of the flares are taken into account for both statistics.
In the GOES-era four significant periods (confidence
level set by 95%) and several clearly visible, but not sig-
nificant, peaks are found on both hemispheres. In the
northern hemisphere (NH) during Cycle 21 (CR1710 -
CR1750) there is a fluctuation with 18-24 CR period (in-
dicated by the entire range of the red contour). The same
period is found in Cycle 22 (CR1810-CR1750). This fluc-
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Fig. 5.— The temporal distribution of the solar flares near to
the dominant AL. The smoothed solid black line of the first and
the third subplots mean the time variation of the GOES solar flare
variance. Below those plots, continuous wavelet transforms of the
time-series are presented. The first and the second subplots contain
data from the northern hemisphere (NH) and the last two subplots
show the southern hemisphere (SH). The bottom axis is time in
CR for each subplot. The red contours enclose regions of greater
than 95% confidence. The grey faded regions on either end of the
figures indicate the cone of influence (COI) where the edge effect
becomes significant for that reason all of the found peaks under
the COI has been omitted.
tuation corresponds to 1.3-1.8 years. There is one more
significant fluctuation in Cycle 22 with about 11-13 CRs,
which corresponds to 0.8-1 year fluctuation period. The
same period is also found in Cycles 21 and 23 but the
power of the peaks are below the 95% confidence level.
In the southern hemisphere (SH), only one significant
peak is found in Cycle 22. The period is 14-16 CR (1 -
1.2 years). This period is also visible, below the CI 95%,
in Cycles 21 and 23.
Figure 6 shows a similar statistics for the data taken
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Fig. 6.— The same statistics as the Figure 6 but the data was
taken from the RHESSI catalogue. The bottom axis is time in CR.
The indicated period covers the whole RHESSI database from 2002.
The meaning of the colour codes are the same, the red contours
encloses regions of greater than 95% confidence. The grey faded
regions on either end of the figures indicate the cone of influence
(COI) where the edge effect become significant for that reason all
of the found peaks under the COI has been omitted.
TABLE 1
Significant periods (CI 95%) obtained by wavelet analysis
based on the time series of the parameter dN .
Time [CR] Period [CR] Period [yr] Hemi Source
1710 − 1750 18 − 24 1.3 − 1.8 NH GOES
1810 − 1850 18 − 24 1.3 − 1.8 NH GOES
1810 − 1850 11 − 13 0.8 − 1.0 NH GOES
1850 − 1870 14 − 16 1.0 − 1.2 SH GOES
2105 − 2120 8 − 10 0.6 − 0.7 NH RHESSI
2115 − 2120 8 − 10 0.6 − 0.7 SH RHESSI
from the RHESSI catalogue. The RHESSI-era starts in
2002 hence only Cycles 23 and 24 are covered. In the
northern hemisphere, one significant period can be seen,
corresponding to 0.6-0.7 years in Cycle 24 (2105CR –
2120CR). The periods of 0.8 and 1.3 years are also weakly
visible in Cycles 23 and 24 but the powers of the fluctu-
ations are, again, under the 95% confidence level. In the
southern hemisphere, only one peak is visible in Cycle
24. The period is around 1.3 years but, unfortunately,
this peak is within the COI. The last two rows of Table
1 only contain RHESSI data about a period of 0.6–0.7
years but this period was not detectable in the GOES
measurements. Because of this contradiction in this time
interval the suspected connection of surface activity with
the dynamics of the tachocline layer probably does not
work. The found significant periods are summarised in
Table 1.
7. DISCUSSION AND CONCLUSION
Zhang et al. (2008) found that the active longitudes
with half width of 20−30◦ contain 80% of C-flares during
the solar minimum and X-flares during solar maximum.
The active longitude was defined by the dynamic refer-
ence frame, introduced by Usoskin et al. (2005). Hence,
their study assumes two detectable and equally strong
active longitudes, separated by 180◦. In our study, how-
ever, the secondary active longitude was found to be
weak in comparison with the primary one. Our results
imply that only the primary belt contains 60% of all solar
flares. The entire width of the belt is ±36◦. Both values
correspond well to the results, investigated by Huang et
al. (2013) who calculated the ratio between the number
of flaring active regions and total number of active re-
gions. The active region that is near the active longitude
is prone to erupt. The active region that is far away
from the active longitude produces solar flares with little
probability.
Numerous earlier studies reported periods between 1
and 2 years in a number of heliospheric parameters such
as the interplanetary magnetic field (Vilppola & Mur-
sula 2001), the solar wind speed (Mursula et al. 2002),
the cosmic rays, the geomagnetic activity (Paularena et
al. 1995), coronal index and the 10.7-cm solar flux data
(Forga´cs-Dajka & Borkovits 2007). Mursula et al. (2002)
found mid-term quasi-periodicities based on the ’aa’ in-
dex of global geomagnetic activity. Periods found corre-
spond to 1.2 − 1.4 years and a slightly longer period of
about 1.5− 1.7 years.(Cho et al. 2014) found significant
signals of 1.3 years between 1987 and 1995 in the solar
wind speed, IMF Bz, geomagnetic aa index and ap index
as well as in the tachocline layer ∆Ω after 1997.
The 1.3-year period of flare emergence in the active
longitude found here corresponds well with our previ-
ously found 1.3-year period of spot emergence. It has
been shown in Paper I, that this period can only be de-
tected in a narrow belt of 30◦ along the parabola-shaped
path of AL but it is absent, or overwhelmed, in the entire
material. The presence of the ∼ 1.3-year period within
the active belt allows the conjecture that the active lon-
gitudes may be connected to a source region close to the
tachocline zone. This implication is based on the results
by Howe et al. (2000), who found the same period of
radial torsional oscillation at the tachocline zone during
the period between 1995 and 2000 and by Bigazzi & Ruz-
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maikin (2004), who argued that the non-axisymmetry of
the solar dynamo could only remain at the bottom of the
convective zone.
It may be interesting to investigate whether the 1.3-
year fluctuations in the tachocline zone and the inter-
planetary phenomena may be connected. It could be
possible because the oscillation of the tachocline zone,
the flux emergence of the active longitude and the flare
occurrence within the active longitude show similar tem-
poral properties. However, to reveal this connection is
not an easy task because on the one hand the time in-
tervals of their observations are not continuously over-
lapped. On the other hand this fluctuation is not always
present in any of these regions.
For the period 1995 and 2000, Paper I also presented a
clear signature of the 1.3 year fluctuation in the magnetic
flux emergence within the AL, the targeted time inter-
val has a short overlap with that studied by Howe et al.
(2000). The first two intervals in Table I are also parts
of this interval and they also contain the 1.3-year period-
icity of flaring activity. Thus, in spite of the incomplete
observational coverage it can be assumed that the exci-
tation of the fluctuation at the tachocline layer may be
connected with the dynamics of flux emergence in the AL
and with the fluctuation of the flaring activity and inter-
planetary impact. The temporal variation of the number
of solar flares could be related with the flux emergence
based on the simple idea that, the probability of a flare
occurrence is higher if there is an increased number of
the active regions. However, there is an uncertainty as
to why the different hemispheres could produce differ-
ent fluctuations. This question definitely needs further
study.
Howe et al. (2011) concluded that the significance of
the 1.3-year fluctuation became less significant between
2000 and 2010 and at the end of the indicated time period
the 1.3-year fluctuation have not found. There are no
results published after 2010. However, after 2000 we have
also not detected this period in the flaring activity or in
the temporal properties of the sunspot flux emergence
(Paper I).
8. SUMMARY
Many flare prediction models employ the properties of
active regions, such as morphological information, area
or the magnetic field of sunspot groups. The spatial dis-
tribution of active regions has not been used widely, such
as longitudinal distribution. If we assume the most flare-
productive active regions tend to be located in or close to
the active longitudinal belt then, this may allow to pre-
dict the geo-effective position of the domain of enhanced
flaring probability for a couple of month or years ahead.
In this paper, we studied the spatial and temporal prop-
erties of solar flares based on observations of the GOES
and RHESSI satellites.
We have found that there is a narrow longitudinal belt
of considerably enhanced sunspot activity migrating in
the time-longitude domain. The migration path is simi-
lar to of a series of parabolic shape curves. A parabola-
like section of the migration path does not follow the so-
lar cycle and it has fluctuating temporal properties. The
co-dominant longitudinal belt, phase shifted by 180◦, is
relatively weak in comparison to the main active longi-
tude. The main active longitude is not always detectable
but the migration path of the activity is recognisable
based on the DPD sunspot data in time interval between
1974 and 2014.
Our results shows that the main active longitude plays
a crucial role in the global position of solar flare occur-
rence. The most flare active groups appear in the ±36◦
width of the active longitude. The temporal variation
of the number of solar flare shows fluctuations 0.8, 1.3
and 1.8 years within the active longitudinal belt. This
temporal distribution may also provide an improved flare
forecasting opportunity.
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